The fact that a collodion membrane in contact with a protein solution becomes coated with a film of protein was observed by Loeb (1). Some of the conditions governing the extent of this film formation were studied by I-Iitchcoek (2). He found that the amount of adherent protein increased with the permeability of the membrane, and that, for membranes of any fixed permeability, the amount adsorbed reached a constant limiting value, independent of the protein concentration, in solutions of fairly high concentration. Hitchcock also studied the effect of the pH of the protein solutions on the amounts adsorbed by the membranes, finding the maximum adsorption at the isoelectric point of the protein. He found that this effect of pH could be abolished by the presence of a neutral salt. These effects, however, he studied at only one protein concentration.
about those in the original collodion solution. 10 cc. of this 2 per cent collodion were delivered from a pipette on to a circular glass plate, 10.1 cm. in diameter, floating on mercury. When the solvents had evaporated enough so that the collodion had set to a fairly rigid gel (usually after 9 or 10 minutes), the glass plate was placed on a balance and the solvents were allowed to evaporate further at room temperature until a predetermined weight was reached. The plate was then submerged in distilled water, and after the membrane had become loosened from the glass it was placed in fresh water and left overnight before its permeability was determined. From each of these membranes four disks were cut by a steel die 3~81 cm. in diameter, one disk being used to determine permeability and dry weight, and the remainder for the adsorption experiments. The permeability was determined, in arbitrary units, by noting the time required to force a given volume of water, under a known pressure, through a definite area of the membrane. The rate of flow did not become constant until a membrane had been under pressure for about 10 minutes, and in this time the membrane had become somewhat stretched, although a wire gauze support was used. Accordingly the figures obtained are not believed to represent absolutely the permeability of the unstretched membrane, but are used merely for comparative purposes. Membranes whose permeability did not agree to within 3 per cent were discarded; it was found that variations within this limit did not appreciably influence the amount of protein adsorbed. The dry weight of a disk was obtained after drying in an oven at 105°C. for l½ hours. These weights were constant to 0.5 rag., their average being about 32.2 rag.
This method of preparing membranes was found to have the disadvantage that the permeability of the membranes so obtained is affected by the weather. To obtain membranes of lower permeability, another method was used. Following a suggestion of Schoep (4) , small amounts of glycerine (about 1 per cent) were added to the diluted collodion. The collodion was poured, according to Bigelow (5) , directly on a large surface of mercury, 120 cc. being used to cover a surface about 16 inches in diameter. The solvents were allowed to evaporate under a cover of cheese-cloth until the presence of alcohol and ether could no longer be detected, after which the membranes were treated with water as before. In this method the permeability is regulated only by the amount of the non-volatile glycerine present and the thickness of the membrane. Different portions of a single membrane made in this way were found to be uniform as to thickness and permeability, but the permeability of different whole membranes was not very reproducible. The large size of the membranes, however, made it possible to cut ~nough disks from each to run a complete adsorption experiment. Disks obtained from a single membrane were constant in dry weight to within 0.5 rag., but disks from different membranes varied somewhat, the range of dry weights being from 24.5 to 26 rag.
Preparation of Gelatin Solutions.--The gelatin used was the Eastman Kodak Company's "de-ashed" preparation, which is purified by them according to sodium hydroxide solution, according to the pH desired. Aliquot portions of these stock solutions were then diluted with varying amounts of solvent to give series of solutions of varying gelatin concentration. For solutions at the isoelectric point the dilutions were made with distilled water. For solutions on the acid side, the pH of the stock solution was determined by the hydrogen electrode (at 30°C.) and the aliquot parts were then diluted with hydrochloric acid of the same pH. For solutions on the alkaline side, pH 6 to 7, the dilutions were made with distilled water, as this did not change the pH enough to affect the adsorption.
The concentrations of gelatin in these solutions were determined by evaporating samples of known volume and drying to approximately constant weight at 105°C., the period of drying being not less than 18 hours.
Adsorption Experiments.--The method used was that described by Hitchcock (2) . In each case three disks of membrane, 3.81 cm. in diameter, were agitated for 16 to 18 hours with 25 cc. of gelatin solution in tightly stoppered Pyrex glass tubes submerged in a water bath at 37°C. The disks were washed 3 times at 37 ° by stirring them for a few minutes in about 300 cc. of distilled water or dilute add, according to the pH of the gelatin solutions, and they were then dried for 2 hours at 105°C. After the 1st hour at 105 ° the loss in weight was so slight as to be negligible. Similar determinations were made in each case with disks of the same membrane which had not been treated with protein, and the weights of adsorbed gelatin were obtained by difference. It had been shown by ash determinations (2) that the same method is applicable to the case of gelatin solutions containing salt as well as acid or alkali. In experiments in which sodium chloride was used, weighed amounts of the dry salt (Baker's Analyzed) were added to the aliquot parts of gelatin solution before the final dilutions were made, so that after dilution all the solutions in a series had the same concentration of salt.
EXPERIMENTAL DATA
The results of the experiments are presented graphically. The ordinates of each curve are the weights of dry gelatin, in milligrams, adsorbed from 25 cc. of solution by three disks of membrane, and the abscissae are the weights, in grams, of gelatin remaining in the 25 cc. of solution at equilibrium. On each chart is recorded also the pH value of the solution and the relative permeability of the membrane. This quantity, designated by m, is the product of the pressure used in the permeability determination and the time required for this pressure to force a fixed volume of water through a given area of membrane. With this notation membranes of high permeability have low values of m, and vice versa. The abbreviation I.E.P. on the charts means isoelectric point. Fig. 1 show that the maximum amount of gelatin which these permeable membranes could adsorb was not influenced by acidity, but that the pH did affect the value of the gelatin concentration required to produce this maximum adsorption. Fig. 2 shows results obtained with membranes of much lower permeability, prepared by the second method. In this case, in agreement with Hitchcock (2), it was found that maximum adsorption was attained at relatively low concentrations of gelatin. Here, however, in contrast to the results obtained with the permeable membranes, it is to be noted that in each case the maximum amount of gelatin adsorbed from solutions of lower pH, 3.8 to 4.0, was definitely less than that adsorbed from solutions near the isoelectric point (about pH 4.8). Fig. 3 shows a similar effect on the alkaline side, pH 6.4 to 6.6. Here again, with membranes of low permeability, the maximum amount of gelatin adsorbed was less when the pH was not that of the isoelectric point. 
DlSCI~SSlON OF RESlILTS
The explanation tentatively advanced by Hitchcock (2) for the effect of pH on the adsorption of gelatin by collodion membranes was based on Loeb's (7) theory of the mechanism of the effect of electrolytes on the viscosity of gelatin solutions. According to this theory gelatin exists in solution as submicroscopic particles capable of swelling, the swelling being governed by the Donnan equilibrium. On this basis the volume of the particles should be least at the isoelectric point, and greater at pH values on either side of that point. Accordingly it should be possible for more particles to come into contact with a given surface of membrane if the solution is at the isoelectric point. On either side of this point, if the particles are larger, fewer particles can come into contact with the membrane surface, and hence the amounts adsorbed should be less.
The results in Fig. 1 appear at first glance to contradict this explanation, since the curves obtained at different pH values are evidently tending towards the same maximum value for the amount adsorbed. However, it was noted by Kunitz (8) that the effect of pH on the viscosity of gelatin solutions disappeared at high gelatin concentrations, in the vicinity of 10 per cent. This must mean that in such solutions variations from the pH of the isoelectric point do not increase the swelling of the particles. Fig. 1 shows that the effect of pH on the amounts adsorbed did not disappear until the concentrations of gelatin were 10 per cent or higher. Hence the identity of the maximum heights is not wholly inconsistent with Hitchcock's explanation on the basis of Loeb's theory if the additional facts obtained by Kunitz are considered. It is possible, however, that the data in Fig. 1 may mean that some factor other than the size of particles is effective in governing the amounts adsorbed. The difference in height between Curves 1 and 3 at the point corresponding to 10 per cent gelatin (2.5 gm. in 25 cc.) seems to be well outside the experimental error, yet according to Kunitz the effect of pH on viscosity, and hence on particle size, is negligible in solutions of this concentration. The amount adsorbed may be governed in part by a preferential adsorption of uncharged or isoelectric protein particles, as well as by the size of the particles.
In the remaining experiments, where membranes of lower permeability were used, the maximum of adsorption was attained at lower gelatin concentrations, in the vicinity of 4 per cent or less. In such solutions, according to Kunitz, distinct variations in viscosity with pH are perceptible. Hence in these solutions variations in pH should affect the volume of the particles, so that the lowering of the maximum amount adsorbed as the pH was removed from that of isoelectric point is still explicable on the basis of Loeb's theory.
The effect of salt, illustrated in Fig. 4 , is also in agreement with Loeb's theory. He found that the addition of salt to gelatin solutions containing acid or alkali depressed the viscosity just as it did the values of properties depending on the Donnan equilibrium. Accordingly he believed that the salt inhibited the swelling of submicroscopic particles of gelatin in solution by its depressing effect on the unequal distribution of diffusible ions. If this theory is adopted, it follows that a greater number of such particles should be able to reach the membrane in the presence of salt than in its absence, in solutions of pH different from that of the isoelectric point. Therefore the results shown in Fig. 4 may be explained on the basis of Loeb's theory.
The experiments of Hitchcock with egg albumin, in which he found an effect of pH on the amounts adsorbed quite similar to that observed in the case of gelatin, have not yet been explained. Because of the very slight effect of pH on the viscosity of egg albumin solutions, Loeb (7) believed that solutions of this protein did not contain particles capable of swelling, but only molecules and ions in true solution. It is hoped that a future study of adsorption from solutions of egg albumin, along the lines of the present experiments with gelatin, may shed some light on the differences in the nature of the particles of these two proteins in solution. SUMMARY An experimental study has been made of the adsorption of gelatin from solution at 37°C. by collodion membranes. In the case of membranes of high permeability, very high concentrations of gelatin were required to produce maximum adsorption, and the maximum amounts adsorbed were independent of the pH values of the solutions over the range 3.8 to 4.8. With membranes of low permeability, maximum adsorption was reached at lower gelatin concentrations, and the maximum amounts adsorbed varied with the pH, being lower on either side of the isoelectric point, over the range 3.8 to 6.6. The addition of salt in such experiments raised the maximum amount adsorbed to a value equal to that obtained with solutions at the isoelectric point in the absence of salt.
These experiments can be explained by, and seem to lend support to, the theory proposed by Loeb and further developed by Kunitz concerning the effects of pH and salt on the size of gelatin particles in solution.
